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FIELD-ATTACHABLE CONNECTOR 
WITH SLIDING CONTACTS 

Related Application 

This application is the national stage of PCT/US03/05853 for "FIELD- 
ATTACHABLE CONNECTOR WITH SLIDING CONTACTS", filed February 26, 2003, 
which is a non-provisional application claiming priority benefit of U.S. provisional 
application No. 60/360,977 filed March 1, 2002 for "FIELD-ATTACHABLE 
CONNECTOR WITH SLIDING CONTACTS". 

Field of the Invention 

The present invention relates to electrical connectors of the type used in 
manufacturing automation systems. In particular, the invention relates to improvements 
in a DIN connector adapted to mount, for example, to the body of a solenoid while 
providing electrical connections for operating the solenoid. Such connectors are 
currently widely used in manufacturing automation systems. They comply with 
internationally recognized standards, as persons skilled in the art will readily appreciate. 

Background and Summary of the Invention 

Prior art devices adapted for establishing the necessary electrical connections in 
the field (that is, at the site where the connection to a solenoid or other electro- 
mechanical actuator is required) employ reliable, but cumbersome techniques for 
establishing electrical connections. For example, set screws are used in combination 
with apertured connector blocks. These connectors require that the ends of the wires 
be stripped, and the stripped ends placed in associated connector blocks. The set screws 
are then tightened against the wires, forcing the wires into engagement with fixed 



contact elements adapted to couple electrically with the contact elements of the solenoid 
or other actuator. 

The present invention improves the functionality and reliability of existing 
connector designs, and facilitates attaching a number of wires of a cable to a connector 
5 in the field or replacing an existing connector in the field. 

Specifically, the present invention provides, for each contact in the connector, a 
metallic band of closed configuration which is slidably received in the contact holder of 
the connector. Each band, which is conductive and preferably made of metal, has a 
central opening, which may be elongated in the form of a rectangle, for receiving the 

10 stripped end of a wire. The wire is placed between the band, which is slidable relative 
to the contact holder, and a blade contact fixed to the contact holder and adapted to 
couple to an associated contact element of the solenoid. A threaded screw is received 
in each band. As the screw is turned, it forces the band into engagement with the 
stripped end of a wire received in the central aperture of the band, while the free end 

15 of the screw holds the contact in place. The wire is forced into engagement with the 
contact, thus establishing electrical continuity. Thus, the stripped end of each wire is 
secured within the opening of its associated band, between the band and the contact; 
and the contact is held between the end of the screw and the wire to which contact is 
made. 

20 One important advantage of this arrangement is that for a generally uniform 

torque on the securing screw, there is achieved a reliable and repeatable engagement 
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between the electrical contact of the connector and the incoming wire, which reliability 
is difficult to achieve when the distal end of the screw engages the wire directly. This 
advantage is believed to be of particular importance and convenience in the case of 
assembly in the field. 

5 Other features and advantages of the present invention will be apparent to 

persons skilled in the art from the following detailed description of the illustrated 
embodiment, accompanied by the attached drawing wherein identical reference numerals 
will refer to like parts in the various views. 

Brief Description of the Drawing 
10 FIG. 1 is a perspective view of a field-attachable connector constructed according 

to the present invention having three contact assemblies and with the parts in exploded 
relation; 

FIG. 1 A is an upper perspective view of a contact holder for the field-attachable 
connector of FIG. 1 illustrating the preparation and assembly of the wires to their 
15 associated contact assemblies; 

FIG. 2 is a top view of a field-attachable connector having four contact assemblies 
and incorporating the present invention; 

FIG. 3 is a vertical cross-sectional view taken through the sight line 3-3 of FIG. 

2; 

20 FIG. 4 is a bottom view of the connector of FIG. 2; 

FIG. 5 is a vertical cross-sectional view taken through the sight line 5-5 of FIG. 
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2; and 

FIG. 6 is a vertical cross-sectional view taken through the sight line 6-6 of FIG. 
3 and showing the elements of the connector in exploded relation. 

Detailed Description of the Illustrated Embodiments 
5 FIGS. 1 and 1A illustrate a field-attachable connector incorporating the present 

invention having three contact assemblies and FIGS. 2-6 illustrate such a connector 
having four contact assemblies. Some of the components and some of the structure are 
common to embodiments of three or four or more contacts, and such common elements 
may bear the same reference numerals where they are identical or very similar, as 
10 persons skilled in the art will appreciate. 

Turning first to FIG. 1, an overall explanation of the primary components and 
elements of the connector will be presented briefly so that the more detailed description 
which follows will be more readily understood and placed in the overall context of the 
complete connector. 

15 A conventional casing 42 receives a cable (see 10 in FIG. 1A) through a cable 

intake 47. The stripped ends of the wires of the cable are assembled to contact 
assemblies 22, 23 and 24, each of which includes a contact 28. The contact assemblies 
are received in receptacles (such as that designated 62 for contact assembly 22) formed 
in the top of a contact holder 18. A contact retainer 26 is placed above the contact 

20 holder and secures the contact assemblies in their associated receptacles. An alternate 
retainer is disclosed in the second embodiment. A printed circuit board 14, if desired, 
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is located above the retainer 26. The incoming wires are placed through suitable 
apertures in the printed circuit board 14 and contact retainer 26. The upper portions 
of the contacts 28 may be connected to the printed circuit board, as will be described. 

The contact holder, contact assemblies, contact retainer and printed circuit board 
are then placed in the casing as the cable is withdrawn through the cable intake 47 of 
the casing. A compression nut 49 is tightened to secure and seal the cable to the casing. 
A gasket 87 is assembled to the bottom of the insert and a gasket retainer 92, if used, 
is assembled to the contact holder 18. The connector is then secured to the solenoid 
housing by means of the retainer screw 46, as will be understood by those in the art. 

Turning now to FIG. 1A, reference numeral 10 generally designates a cable 
including three insulated wires designated respectively 11, 12, and 13. The distal end 
of each of the wires 11-13 is stripped of its insulation to expose a section of the 
conductor, such as that designated 11A for wire 11, as persons skilled in the art will 
appreciate. The distal end of each of the wires 11-13 is stripped and formed so as to 
project downwardly toward a contact holder designated 18. In the drawing, contact 
holder 1 8 is separated from its associated casing as well as from a solenoid body to 
which it is intended to be assembled, as will further be disclosed below, but which are 
known to those skilled in the art. 

The contact holder 18 shown in FIG. 1A is suitable for use with three conductors, 
such as the sheathed wires designated 11-13. Typically, however, connector assemblies 
of this type, including those incorporating the instant invention may accommodate three 



or four conductors as well as electronic circuits. A four-conductor embodiment of the 
instant invention is shown in FIGS. 2-6 and is described further below. 

The contact holder 18 may be of a molded, insulating material, formed in the 
general shape of a cube and having four individual sides, such as the ones designated 
5 19 and 20 in FIG. 1A. The contact assemblies are generally designated 22, 23 and 24 
in FIG. 1A. Each of the contact assemblies 22-24 is similar in structure and function 
in both embodiments, so that only one need be described in further detail for a complete 
understanding of the invention. 

In FIG. 1A, a portion of the wall 20 has been cut away to illustrate more clearly 
10 the structure of the contact assembly 22. The contact assembly 22 includes a 
conductive band 27 of closed configuration (or solid construction) with a central opening 
31 for the wire, a blade contact (or connecting element) 28, and a threaded screw 29. 

Each of these elements will be described in greater detail in connection with the 
embodiment of FIGS. 2-6, but will first be described in general terms to facilitate an 
15 understanding of the functioning of the invention. 

The band 27, in the illustrated embodiment, may be made of metal and has a 
generally rectangular outer dimension in a horizontal plane, thus providing four 
connected walls arranged in a rectangle and defining the central receptacle or opening 
31. The band 27 is slidably received in a receptacle or recess formed in the contact 
20 holder 18 (see 62 in FIG. 1) and secured by retainer 26. The upper portion 65 of a 
metal contact 28 is received in the opening 31 of band 27 and extends above retainer 
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26. The band 27 is permitted to slide along the recess of the contact holder in which 
the band is received. The screw 29 is threadedly received in a threaded aperture in a 
heavier adjacent wall 30 of the band 27 so that it projects into the opening 3 1 , engaging 
the blade contact 28. The contact 28 is staked or otherwise fixed to the contact holder 
5 18. The band 27 may slide within the recess or receptacle 62 in which it is received as 
the screw 29 is threaded into the band 27. A stop 25 is affixed to the contact holder 
18 to limit the motion, of and prevents complete removal of the screw 29. 

The stripped distal end of the wire 13 fits into the opening 3 1 of the contact band 
27 between the far wall 25 of the band 27 and the upper portion of the fixed blade 

10 contact 28, so that when the screw 29 is turned into the band 27, the wall 25 of the 
band 27 is moved toward and engages the wire, forcing the wire into engagement with 
the contact 28 and exert a compressive force on the wire. This forces the contact 28 into 
electrical connection with the stripped end of the conductor 13 to establish electrical 
continuity between the wire and the blade contact 28. The other contact assemblies 23, 

15 24 function in the same manner as described for the contact assembly 22, and each of 
them may have the same structure as described. 

Turning now to the embodiment of FIGS. 2-6, there is shown a connector 
incorporating the present invention having four contact assemblies to accommodate a 
four-conductor cable (not shown). Thus, the connector of FIGS. 2-6 includes four 

20 separate contact assemblies designated respectively 32, 33, 34 and 35 arranged on the 
sides of a generally square contact holder 43 seen in FIGS. 2-4. The contact assemblies 
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32-35 may be similar to one another and to the contact assembly described above so 
that only one need be described for an understanding of the invention. The contact 
assemblies 32-35 are adapted to accommodate four mating blade contacts typically 
employed on the solenoid, including three blade contacts having a C-shape in cross 
section and adapted to be received in corresponding slots 38-40 shown in the bottom 
of the connector (FIG. 4). Two of the slots 38-40 are used for data leads and the third 
is a power lead. There is also a straight slot 41 in the bottom of the connector, adapted 
to receive a straight blade ground connector, as is known in the art. 

Referring now to FIG. 3, the contact holder 43 of the four-contact connector 
defines a lower cavity 44 opening toward the bottom of the connector for receiving 
retainer member 9. An outer casing having a generally square horizontal section and 
designated 42 in FIG. 3 is received over the contact holder 43. The casing 42 includes 
four sidewalls and a top wall, the center of which is apertured to receive a tubular guide 
45 for receiving a retainer screw 46 which secures the connector to the body of the 
solenoid, as is conventional. The casing 42 also includes a cylindrical cable intake 47 
extending to the side thereof (see FIG. 1) and having an internally threaded opening 
(designated 48 in FIGS. 1 and 3) for receiving a cable (similar to cable 10 but having 
four conductors in this embodiment and not shown in FIG. 3 for brevity) to which the 
connector is to be assembled. A compression nut 49 (see FIG. 1) is placed over the 
cable and is threadedly received within the cable intake 47 of the casing 42. An annular 
flexible gasket 50 and washer 51 may be received in the opening 48 for sealing and 
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securing the cable to the connector housing as the compression nut 49 is tightened, 
again, as is known in the art. 

Turning now to FIG. 6, the components of the connector are seen in exploded 
relation, looking at the connector with the cable 10 extending into the plane of the page. 
5 The housing 42 and the contact holder 43 are separate elements. A contact retainer 52 
is received on the top of the contact holder 43 and includes four depending latches 53 
which extend downwardly from the center of each side section and into the cavity 44 
of the contact holder. The depending latches 53 are barbed as seen at 54 to catch 
beneath the center pedestal 55 of the contact holder for securing the retainer 52 to the 

10 contact holder. One of the depending latches 53 can be seen from the front or inside 
in FIG. 6. The upper portion of the retainer 52 includes a flat peripheral portion 59 
which defines apertures such as the one designated 60 for routing wires to each of the 
connector assemblies in the contact holder 43 and permitting the contacts to extend to 
the printed circuit board, while holding the contact assemblies in their respective 

15 recesses 62. The contact holder 43 defines as many recesses 62 as are required for the 
number of contact assemblies. 

Turning then to the contact assembly and its associated recess 62, each contact 
assembly includes a blade contact 28 (there are four in the embodiment of FIGS. 2-6) 
having a flat central engagement portion 64, an upwardly extending tab 65 (which may 

20 be offset laterally from the central portion 64 as seen in FIG. 1A), and two depending 
legs 66, 67. The legs 66, 67 include opposing contact areas or pads 69, 70 adjacent 
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the lower portion thereof and beneath an enlarged opening 71 . The contact portions 69, 
70 are spaced to receive a blade of a mating connecting element, the mating blade fitting 
upwardly into the enlarged slot 71, and the legs 66, 67 providing a contact force on the 
pads 69, 70 for establishing the desired electrical connection and continuity. 

The opening between the pads 69, 70, as well as the enlarged opening 71, are 
aligned with a slot 74 in the contact holder 43 to receive a contact element of the 
mating connector corresponding to one of the slot configurations 38-41 of FIG. 4 
described above. 

The upper portion of the recess 62 is enlarged to define a peripheral shoulder or 
ledge 76 (FIG. 6). A pair of outwardly extending tabs 77 on the contact 28 rest on the 
opposite lateral edges of the shoulder 76 when the contact 28 is placed in the recess 62. 
The contact retainer 52 secures the contact assemblies in place. The upper, enlarged 
section of the recess 62 is sized to receive the band 27 while permitting the band to 
move or slide in the direction of the axis of the screw 29. The conductive band 27 is 
received over, and surrounds the central portion 64 of the contact 28. The band 27 
rests on the top of the tabs 77 of the contact 28 to secure the contact in place vertically, 
while permitting the band to slide laterally, as will be explained. The upper portions of 
the legs 66, 67 of the contact 28 are barbed as at 78, 79 to fix the contact element in 
the lower, narrower portion of the recess 62 which is designated 80 in FIG. 6. Thus, 
the contact is fixed to the contact holder, whereas the band 27 may move in its recess 
parallel to the axis of the screw 29, and relative to its associated contact 28. 
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Turning now to FIG. 2, the band 27, as previously indicated, is generally 
rectangular in form to be received in the upper, enlarged portion of the recess 62 and 
to be guided thereby so that it may move laterally relative to the upper, central 
engagement portion 64 of the contact 28. The band 27 is thicker at one end 30, as 
described above, and has a tapped bore which threadedly receives the screw 29. The 
distal or driving end of the screw 29 is located adjacent the central, enlarged 
engagement portion 64 of the contact 28. A stop such as the one designated 82 in FIG. 
2 (and similar to the previously described stop 25) is secured in the contact holder for 
each connector assembly and to limit the motion and prevent removal of the screw 29. 
The portion 64 forms an engagement surface for the end of the screw 29 when the screw 
29 is threaded into the band 27. As best seen in FIG. 2, the interior of the band 27 on 
the other side of the contact 28 defines an opening 85 for receiving the stripped end of 
one of the wires as described above (see FIG. 5). The tab 65 of the contact 28 extends 
above the lid 59 and through a conventional printed circuit board 87 which, if desired, 
rests on top of the retainer and beneath the top surface of the casing 42, as is known 
in the art. 

A peripheral gasket 87 is received on the bottom of the contact holder 43. The 
bottom of the contact holder 18 insert includes a peripheral notch 88 which receives an 
inwardly extending tongue 90 of the gasket 87. The gasket 87 is secured to the contact 
holder 18 by the lower portion of the outer casing 42. The gasket 87 is adapted to rest 
on and seal against the casing of the solenoid to which the connector is secured by 



11 



means of the screw 46 (FIG. 1) which extends through the pedestal 55 and into a 
corresponding internally threaded opening in the housing of the solenoid as is known in 
the art. A gasket retainer 92 has an upwardly extending portion 93 which is sized to 
be snuggly received in the cavity 44 of the insert 43 to hold the gasket 87 in place 
during installation of the connector, as is known in the art. 

To summarize the advantages of the invention, the contact holder 43 may be 
adapted to two, three or four contact assemblies, as desired. Each contact assembly 
includes a contact element having a central portion which serves as an engagement area 
for a threaded screw received in a band surrounding the upper portion of the contact. 
The band defines an opening for receiving the stripped end of a wire. When the stripped 
end of the wire is placed in the opening of the band, a screw in the band is tightened to 
force the wire into engagement with the contact. The wire conductor is thus trapped 
between the contact and the band of the connector assembly; and a tight, secure and 
reliable electrical connection is conveniently and rapidly established. This facilitates 
convenient replacement of the connector in the field without the need of special tools 
or any particular expertise, and in minimum time. 

After all of the desired wires are connected to the contact holder and the 
associated connector assemblies, the contact holder 43, gasket 87 and retainer 92 (if 
used) are assembled into the casing 42, the cable is then pulled outwardly of the 
cylindrical cable intake portion 47 of the casing 42; and the compression nut 49 is 
tightened into the connector housing to form a seal by means of the grommet 50 which 



12 



expands between the interior wall of the opening 48 and the outer surface of the feed 
cable and forms a seal. 

Having thus disclosed in detail the illustrated embodiments of the invention, 
persons skilled in the art will be able to modify certain of the structure which has been 
5 disclosed and to substitute equivalent elements for those illustrated, while continuing 
to practice the principal of the invention; and it is, therefore, intended that all such 
modifications and substitutions be covered as they are embraced within the spirit and 
scope of the appended claims. 



13 



